Although the importance of students' argumentative peer feedback for learning is undeniable, there is a need for further empirical evidence on whether and how it is related to various aspects of argumentationbased learning namely argumentative essay writing, domain-specific learning, and attitudinal change while considering their epistemic beliefs which are known to be related to argumentation. In this study, a pre-test-post-test design was conducted with 42 higher education students who were asked to write an argumentative essay on the GMOs, engage in argumentative feedback, and revise their essay. The results showed that argumentative peer feedback improves students' argumentative essay writing and domain-specific learning. Furthermore, argumentative peer feedback caused attitudinal change. However, findings did not prove any impact of students' epistemic beliefs on argumentation-based learning. This is against broadly shared theoretical assumption that argumentation-based learning is related to students' epistemic beliefs. We discuss these results and provide an agenda for future work.
Introduction
Argumentation is significant to science education and many other domains due to the role of discourse for the acquisition of scientific knowledge (see Glassner, 2017; Lazarou, Sutherland, & Erduran, 2016; Osborne, 2010; Symons, 2017; Simon, Erduran, & Osborne, 2006) . For encountering and solving societal and controversial issues, students need to learn the skills of argumentation to construct supported and warranted claims, negotiate meaning, and write argumentative essays while accounting for opposing viewpoints on the need -or lack thereof -of the controversial topics (Kirschner, Buckingham-Shum, & Carr, 2003; Noroozi, Kirschner, Biemans, & Mulder, 2017) .
Willingness to reason and argue plays a crucial role for engaging in argumentative discourse activities. Argumentation willingness is associated with the student's sense of assertiveness, which determines how they engage in, or avoid, critical discussions and arguments (Infante & Rancer, 1982; Nussbaum & Bendixen, 2003) . Such tendencies for engaging or avoiding arguments are closely related to students epistemic beliefs (see Nussbaum, Sinatra, & Poliquin, 2008) . Literature suggests that epistemic beliefs can be related to argumentation-based learning (see Noroozi, 2016; Noroozi, McAlister, & Mulder, 2016) . However, empirical findings on this issue especially in real educational settings is sparse and inconclusive with regard to argumentative essay writing, domain-specific learning, and attitudinal change. Therefore, this empirical study is designed to explore the extent to which argumentative peer feedback and students' epistemic beliefs are related to various aspects of argumentation-based learning namely argumentative essay writing, domain-specific learning, and attitudinal change.
Theoretical framework
Argumentative essay writing is a common activity for students in higher education. Argumentation is considered as an important component of essays especially for the controversial topics of biotechnology such as GMOs and the use of insect cells as a protein source (Noroozi, Biemans, & Mulder, 2016) . For writing argumentative essays, students need to take an standpoint on the issue at hand followed by reasons and arguments to back up their position. The argumentative essays should be accompanied with opposing points of view that need to be counter-argued and rejected. This requires integration of pros and cons and elaborations on the perspectives of the advocates and the opponents followed by a final conclusion on the topic (see Qin & Karabacak, 2010; Toulmin, 1958; Wood, 2001) . Scientific evidence suggests that argumentative essay writing is a challenging task for higher education students (see . Teachers are not satisfied with quality of students' essays and often express their concerns about the lack of students' competencies (Cooper et al., 1984; Kellogg & Whiteford, 2009) . Teachers and scholars thus use peer feedback as a means to help students give one another argumentative feedback to improve the quality of students' argumentative essay writing . With argumentative peer feedback, students are provided with the opportunity to interact with other learners, negotiate meanings, express their opinions, consider counter-arguments, test, analyse, and clarify uncertainties regarding the issues at hand (see . Argumentative peer feedback is therefore an important vehicle for writing argumentative essays.
Argumentative peer feedback can effectively contribute to domain-specific learning since deepening and broadening the space of debate followed by elaborations and justifications by learning partners lead to higher domain-specific learning and even knowledge construction (van Amelsvoort, Andriessen, & Kanselaar, 2007; Munneke, Andriessen, Kanselaar, & Kirschner, 2007) . Looking at reasons and arguments of other learning partners leads when analysing them leads to building higher quality arguments and improving one's own knowledge on argumentation. These reciprocal argument receptions and constructions during peer feedback process coupled with detailed clarifications and elaborations of the materials can improve students' knowledge on the topic (see Noroozi, Weinberger, Biemans, Mulder, & Chizari, 2012; Noroozi et al., 2017) .
Argumentative peer feedback can also be considered as a means for changing learners' conceptions or convincing others through logical and evidence-based theses (see Kirschner et al., 2003; Noroozi et al., 2012 Noroozi et al., , 2017 . The reason is that engaging in argumentative peer feedback enables students to discover various pros and cons of the issue that can result in revision, modification, and adjustment of their own initial positions. Therefore, it is possible that confrontation of multiple viewpoints during peer feedback with learning partners would lead to some modification of students' conceptions and attitudinal change on the issue at hand (see Noroozi, 2016; .
Scientific evidence claims that students' epistemic beliefs might predict learning in general (Rosman, Mayer, Kerwer, & Krampen, 2017; Rosman, Mayer, Peter, & Krampen, 2016; Trevors, Feyzi-Behnagh, Azevedo, & Bouchet, 2016; Trevors, Muis, Pekrun, Sinatra, & Muijselaar, 2017) and argumentation-based learning in particular (Noroozi, 2016; . Epistemic belief is defined as one's own conception about the nature, structure, and certainty of knowledge and justification for knowing with regard to knowledge acquisition (see Hofer, 2001 Hofer & Pintrich, 1997 King & Kitchener, 1994) . In scientific literature, students' epistemic beliefs are labelled as: (a) absolutism, (b) Multiplism, and (c) Evaluativism. Absolutists tend to perceive knowledge as an accumulation of objective, certain, simple, absolute, and fixed facts that cannot be changed. This implies that from absolutists' point of view, there is only one right or wrong answer as an ultimate truth that only authority figures may get to it (Rosman et al., 2016) . Multiplists view knowledge as inherently subjective and contextual where viewpoints and perspectives are considered as equally legitimate opinions and ideas (Rosman et al., 2016) . From Multiplists' point of view, students are exposed to a variety of perspectives with the aim of concluding which viewpoint makes more sense. Evaluativists, however, view knowledge as verified true belief. From Evaluativists' point of view, there are various possibilities in which knowledge claims must always be assessed for their quality of arguments in different contexts (see Muis, 2007) . Scientific evidence has shown that depending on their epistemic beliefs, students engage in argumentation differently (see Noroozi, 2016; Nussbaum et al., 2008) . Multiplists are less sensitive than others towards inconsistencies and less interactive and communicative with their group members. Evaluativists are more critical, sensitive, and thus active in asking for information from their group members, compared with absolutists who are less inclined to explore alternative solutions (Nussbaum et al., 2008; Oh & Jonassen, 2006) .
In the most recent studies done by Noroozi (2016) as well as , inconclusive results were achieved with regard to the impacts of students' epistemic beliefs on various aspects of argumentation-based learning. The findings of showed only little effect of epistemic beliefs on the style and use of particular types of argumentative discourse by students. This was not in line with the literature showing differences for the strength and style of interactions of students with different epistemic beliefs (see Kuhn, Cheney, & Weinstock, 2000; Nussbaum et al., 2008) . The study of Noroozi (2016) showed that Evaluativists produced higher number of disagreement and integration messages compared with multiplists. This was in line with the studies of Kuhn et al. (2000) and Nussbaum et al. (2008) who concluded that Evaluativists and Multiplists have different styles of argumentation and interaction during discourse activities. The authors of these two studies attributed the inconsistent results to the methodological issues. In both studies, the p-values and effect sizes were too small and this was attributed to the small number of participants. Therefore, they acknowledged that their findings should be treated cautiously and they asked for further research with more participants to test the extent to which their findings can be generalised.
Based on argumentation above, students' argumentative peer feedback and their epistemic beliefs can be important for different aspects of argumentation-based learning such as argumentative essay writing, domain-specific learning, and attitudinal change. Therefore, this study aims to explore how students with various epistemic beliefs perform with regard to argumentative essay writing, domain-specific learning, and attitudinal change by exposing them to an argumentative peer feedback setting in the field of biotechnology in a real educational setting.
Method
Context, participants, tasks, procedure, and online environment Participants were, as part of a bigger project, 42 BSc students from Wageningen University in the Netherlands. The mean age of the participants was 18.21 (SD = .78) years. Almost 64% of participate were male (36% female). Students were randomly assigned into 21 dyads and were distributed over different classrooms. Overall, the study took about four days as demonstrated in Table 1 . All students' activities were conducted through a text-based digital learning module.
Assessment of students' epistemic beliefs
We assessed epistemic beliefs of students with a 15-item instrument designed by Kuhn et al. (2000) based on the judgement domains. Every item of this instrument comprised of a pair of contrasting claims, which was attributed to two different individuals in various domains i.e. taste judgements, aesthetic judgements, judgements of value, truth judgements on the physical and the social world. According to this scheme, students could be categorised into three groups: Absolutists, Multiplists, and Evaluativists (see Kuhn et al., 2000; Nussbaum et al., 2008) . From an Absolutist's point of view, only one answer could be right. From a Multiplist's point of view, various opinions can be equally tested and validated. From an Evaluativist's point of view, there are criteria where judgements can be assessed and given priority over others. Based on this test, 27 students were classified as Multiplists, 11 students as Evaluativists, and only three students as Absolutists. One student did not respond to the questions related to the epistemic beliefs and therefore was removed from further analysis. Due to low number of students, the contributions of the three students who belong to the category of Absolutists were removed from the analysis. Therefore, for the final analysis, we only considered the contributions of 38 students who were categorised as either Multiplists or Evaluativists.
Assessment of students' argumentative essays
A coding scheme developed by was adjusted and used to measure students' argumentative essay quality. This instrument comprised of different variables that were taken from the essays of each student in the pre-test-post-test. The variables included students' intuitive opinion, pro-claims, justification for pro-claims, con-claims, justification for con-claims, integration of pros and cons, and conclusion. For each of these variables, every student received a maximum of two points. Every student was given zero point for every level 1 assessment (low-level), one point for every level 2 assessment (medium-level), and two points for every level 3 assessment (high-level). Therefore, students received a score of between zero and two for each of these variables. The scores were summed up together and were used as an indicator of argumentative essay of students in both pre-test-post-test. The inter-rater agreement between the two coders resulted in similar scores in 98 and 91% of the contributions in pre-test-post-test respectively.
Assessment of students' domain-specific learning
A survey with 17 multiple-choice questions and one open question was used both in the pre-test-post-test to measure students' domain-specific learning. These questions were decided based on their relevance to the content of the topic of the discussion in coordination with the teachers, experts, and course coordinator of the course. Students received one point for every correct answer on these multiple questions both in pre-test-post-test. To come up with the mean scores of students' domain-specific learning, the total correct answers of students were summed up and subsequently divided by the number of questions.
Assessment of students' attitudinal change
A survey with eight statements was used both in pre-test-post-test to measure students' attitudinal change for various aspects of the GMOs topic. Before the start of the individual phase, students' degree of agreement with the GMOs statements were registered. The same survey was used again after the end of the study as the posttest. This survey included eight questions ranging from 'strongly disagree = 1' through 'strongly agree = 5' on a five-point Likert scale. The reliability coefficient of this instrument was high for both pre-test-post-test (Cronbach α = .62 and .73 respectively).
Results
One-way ANOVA showed no difference between Multiplists (M = 1.31, SD = .26) and Evalutivists (M = 1.32, SD = .24) in terms of mean quality scores of argumentative essay of students, F(1, 35) = .01, p = .91. However, ANOVA for repeated measurement showed a significant difference between pre-test-post-test mean quality scores of argumentative essay of students. The mean scores of students' essay enhanced significantly from pretest to posttest, F(1, 35) = 6.49, p < .05, η 2 = .16. The mean scores of students' argumentative essay was 1.32 (SD = .25) for the pretest and 1.46 (SD = .31) for the posttest. Multiplists and Evalutivists were not different regarding improvement in the quality of their argumentative essay from pretest to posttest, F(1, 35) = .08, p = .78.
One-way ANOVA showed no difference between Multiplists (M = .48, SD = .09) and Evalutivists (M = .52, SD = .09) in terms of mean quality scores of domain-specific knowledge of students, F(1, 36) = 1.04, p = .31. However, ANOVA for repeated measurement showed a significant difference between pre-test-post-test scores of students' domain-specific knowledge. The average scores of students' domain-specific knowledge improved significantly from pretest to posttest, F(1, 33) = 38.10, p < .01, η 2 = .54. The mean scores of students' domain-specific knowledge was .49 (SD = .94) for the pretest and .60 (SD = .13) for the posttest. Multiplists and Evalutivists were not different regarding improvement in the mean scores of their domain-specific knowledge from pretest to posttest, F(1, 33) = .28, p = .60.
ANOVA for repeated measurement showed a significant shift of students' opinion toward GMOs from pretest to posttest. The students' attitude towards GMOs shifted significantly from pretest to posttest, F(1, 31) = 12.76, p < .01, η 2 = .29. The mean scores of students' attitude towards GMOs was 3.53. (SD = .61) for the pretest and 3.81 (SD = .63) for the posttest. However, Multiplists and Evalutivists were not different regarding the shift of their opinion towards GMOs from pretest to posttest, F(1, 31) = .48, p = .49.
Discussions
With argumentative peer feedback, students wrote higher quality of argumentative essays in the posttest in comparison with the pretest. This resembles findings of the previous research studies that support the positive impacts of peer feedback on writing skills (see Gabelica, Van den Bossche, De Maeyer, Segers, & Gijselaers, 2014; Gabelica, Van den Bossche, Segers, & Gijselaers, 2012; Kellogg & Whiteford, 2009; . Receiving feedback from peers supported with arguments, justifications, and suggestions for improvements provided students with the opportunity to understand the gap between the level of their own essay with the expected one. Implementation of argumentative peer feedback in this study helped students give and receive detailed advice and suggestions on what and how to improve which in turn provoked their reflection and deep thinking when revising their argumentative essays . Of course, not always providing peer feedback opportunities for students result in positive learning outcomes since peer feedback demand for high cognitive processing which would not happen intrinsically (Kollar & Fischer, 2010) . That implies that students might need instruction on how to engage in peer feedback that is beneficial for learning. In this study, the peer feedback was designed purposefully so that students provide each other with a high quality argumentative feedback. Specifically, students were given the opportunity to read an instructional text and an example explaining how to provide argumentative feedback on one another essays. The text and the example helped students understand how feedback should be formulated and justified by reasoned arguments and logical evidence resulting in higher quality argumentative essays in the posttest compared with the pretest.
The argumentative peer feedback also enhanced students' domain-specific learning from pretest to posttest. This also resemble the findings of previous studies that support positive effects of argumentative peer feedback on students' content learning (see . Receiving feedback from peers followed by justified arguments helped students acquire divergent and various perspectives on the topic during the peer feedback process. Furthermore, analysing learning peers' essays could also lead to a better reflection on the content and understanding of the issue at hand (Bayerlein, 2014; Crisp, 2007) . These peer justifications, clarifications, and elaborations helped students to engage in cognitive processing for discovering and using complementary knowledge of the peers which in turn enhanced students' domain specific learning.
The argumentative peer feedback in this study shifted students opinion towards the controversial issue, i.e. GMOs in this study. This is expected based on the literature since argumentation is considered to be a social process (O'Keefe, 1982) that can cause students to consider alternative scenarios and positions (see Nussbaum et al., 2008) . Specifically, the design of the argumentative peer feedback in this study caused students to realise the pros and cons of the issue at stake by looking at learning peer' essay which was beneficial for revising and modifying their own initial standpoints on the topic.
Unlike the literature (Kuhn et al., 2000; Noroozi, 2016; Nussbaum et al., 2008) , students' epistemic beliefs were not related to various aspects of argumentation-based learning. We expected that Multiplists and Evaluativists would benefit differently from argumentative peer feedback process. Specifically, due to more emphasis on argumentation and justified true beliefs (see Noroozi, 2016; Nussbaum et al., 2008) , one would expect that Evaluativists would benefit more than Multiplists with regard to various aspects of argumentation-based learning such as argumentative essay writing, domain-specific learning. In the literature, Evaluativists are considered to be more open than other belief groups with regard to exploring alternative solutions and learning the topic (Oh & Jonassen, 2006) and also changing their attitude when there is a solid argumentation on the issue at hand (see Noroozi, 2016) . As a result, Evaluativists are more susceptible to attitudinal change than Multiplists and are therefore more bound to shifting and modifying their original opinion on the topic than other belief groups. These expectations were not confirmed though in this study. The plausible reasons for these contradictory results with previous literature could be related to the specific design of the argumentative peer feedback. All students had to read an instructional text and follow a practical example on how to provide a high quality argumentative feedback on the essays of their peers. These instructional text and example might have alleviated the effects of students' epistemic beliefs during the study. After reading the instructional text and the example, all students regardless of their epistemic beliefs were already informed how to formulate and justify their feedback with reasoned arguments and evidence.
Conclusions and suggestions for future research
The main conclusion of this study is that online argumentative peer feedback work well, regardless of students' epistemic beliefs, to support various aspects of argumentation-based learning namely argumentative essay writing, domain-specific learning, and attitudinal change. As a direct practical relevance, this study suggests that argumentative peer feedback practices can be applied in the classrooms when teachers want students to explore various pros and cons of the controversial issues in a short period of time. Furthermore, argumentative peer feedback can be applied in the classroom settings when there is misconception or misunderstanding about the issues at hand. With such setting, teachers could provide a fruitful environment for students to correct their false viewpoints, explore alternative solutions, and thus, when needed, modify their opinion with solid and reasonable arguments. This study also implies that it is not necessary to take into account students' epistemic beliefs for argumentative peer feedback process when teaching students with instructional texts and examples on how to write argumentative essays and how to provide detailed and justified argumentative feedback. However, without such instructional support, it is recommended to consider students' epistemic beliefs for argumentation-based learning as literature suggests.
We suggest a follow-up study to explore the extent to which instructional text and example could be a crucial factor for alleviating the impacts of students' epistemic beliefs on various aspects of argumentation-based learning. We also suggest implementing such argumentative peer feedback settings with larger number of participants in other higher education settings and different courses to see whether and how these findings can be generalised. Furthermore, it is suggested to compare the quality of the peer feedback during the learning process among students with various epistemic beliefs to see whether they differ in terms of their feedback quality. This could provide direct practical implications for the way in which learning groups can be formed. Therefore, another suggestion is to do an exploratory study to see how students with different epistemic beliefs react on one another and whether a pattern can be drawn for the formation of learning groups based on students' epistemic beliefs.
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